The conditions for luxuriant axenic cultivation of the trypanosomid flagellate Crithidia fasciculata in chemically-defined media were determined. Improvements over the hitherto published media include higher concentrations of amino acids, folic acid (where this is the sole source of pteridine) and purines and the inclusion of threonine and Tween 80. Increased oxygenation was obtained by incubating liquid cultures in tubes in a sloped position. Under these conditions consistently excellent growth (up to 2 x lo8 organisms/ml.) was obtained and the useful incubation period could be decreased to 4 days. Using the improved medium, qualitative and quantitative studies on the nutritional requirements of the organism were carried out. Growth failed when any one of the following amino acids was omitted from the basal medium : histidine, phenylalanine, isoleucine, leucine, valine, lysine, arginine, tyrosine, methionine, tryptophan. The omission of threonine caused drastically decreased growth rates and lower yields. It was found that phenylpyruvic acid could replace phenylalanine ; cysteine, cystathionine or homocysteine could replace methionine ; and citrulline, but not ornithine, could replace arginine for C. fascicuZata. In addition to the amino acid requirements a nutritional need for the following was demonstrated : a carbohydrate, haemin, a purine, thiamine, riboflavin, pantothenic acid, nicotinic acid or its amide, pyridoxal or pyridoxamine, biotin, folic acid and an unconjugated pteridine (biopterin). The natural purines, their nucleosides and nucleotides are nearly equivalent, on a molar basis, in growth promotion. Numerous substituted purines were also tested for their ability to supply the purine requirement. No exogenous source of pyrimidine for nucleic acid synthesis is necessary provided folic acid is present. Folic acid can be omitted from the growth medium provided thymine and methionine are present. The absolute requirement for biotin could not be demonstrated in the present medium without the use of avidin.
Our attempts to utilize Crithidia fasciculata for metabolic studies were hampered by the poor and inconsistent growth obtained in any of the previously published defined media. We therefore undertook a systematic search for the chemical and physical conditions which would permit rapid and abundant growth of the organism. This report describes modified chemically -defined media for C . fusciculata which allow for consistent analysis of the nutritional and metabolic patterns of the organism, Using these improved conditions we have examined the quantitative nitrogen and growth factor requirements of C . fusciculata. While the qualitative amino acid and growth factor requirements of this organism have been recently described (Cowperthwaite et Nathan, Hutner & Levin, 1956) , quantitative studies are largely limited to the pteridines Nathan et al. 1956 ).
METHODS
The strain of Crithidia fusciculutu used in this study was obtained from Dr H. P. Broquist (Lederle Division of American Cyanamid Co., Pearl River, This medium was adjusted to pH 8 and was sterilized by autoclaving at 120° for 15 min. While stock cultures can be transplanted a t weekly intervals or longer, in practice we found it convenient to make daily transplants so that inoculation organisms of suitable age for experimental use were always available.
N.Y.). For stock cultures we used a crude medium consisting of
In making up the various experimental media, it was found convenient to prepare concentrated solutions of the various components or groups of similar components for final compounding. In this way a medium lacking any desired component could be prepared with ease. The concentrated solutions were layered with toluene and stored at refrigerator temperatures. Tyrosine and guanine, having low solubilities in water, could not be kept in concentrated solutions and were prepared in dilute solutions just before use and added in the desired concentrations. Later this disadvantage was overcome by using tyrosine ethyl ester and guanylic acid, both of which are more soluble. The haemin solution was prepared (at no greater than monthly intervals) in triethanolamine (50 yo, wlv). When the basal medium was adjusted to pH 8.1
little difficulty was encountered with haemin precipitation.
The basal medium, without glucose, Tween and the compound under investigation, was routinely made up to double strength and distributed in 2 ml. quantities in 15 x 125 mm. test tubes. Appropriate dilutions of the test compound (variable) were 'added in 1 ml. quantities (in triplicate) to tubes which were aluminium capped before sterilization. Test substances which were unstable to heat were added later after filter sterilization of appropriate dilutions. The glucose and Tween was made up to a fourfold concentration, and after sterilization by autoclaving, the flasks were cooled under running water with shaking to prevent the Tween from separating out. The flask containing the glucose +Tween solution was then inoculated with a 4-to 5-day culture so that the concentration of the inoculum was l/POO of final medium. One ml. quantities of this inoculated solution were then added aseptically to each tube, bringing the total volume in each tube to 4 ml.
When glucose or Tween was to be tested it was omitted from the standard inoculum and was autoclaved separately and added aseptically to the tubes.
After inoculation the tubes were incubated at 25' in a sloped position. Growth was estimated by determining the optical density at wavelength 650 mp. by a Lumetron colorirneter.
Crithidia fasciczclata tended to settle to the bottom of the tubes and to adhere to their sides. Considerable shaking was required to obtain a uniform suspension for optical density determinations. By coating the tubes with silicone according to the directions given for Siliclad (Clay-Adams, Inc., New York, N.Y.) this tendency was greatly decreased and the time required for making turbidimetric readings markedly shortened.
As the presence of haemin somewhat coloured the medium, uninoculated tubes of the medium under test were used as the blanks when readings were being made. In many experiments the correlation between the turbidity and the number of organisms/ml. was established by comparing optical density with haemocy tome ter counts.
For the quantitative determinations of the amino acids and of certain of the growth factors, organisms for inoculation could be taken directly from stock medium with no appreciable carry-over. This would indicate low storage in the organism together with relatively high requirements. Preparation of depleted organisms for inoculation was not necessary when carrying out doseresponse studies on carbohydrates, haemin, amino acids, purines, thiamine, riboflavin, pantothenic acid and nicotinamide, as essentially no growth resulted in the first transplants when any one of these factors was missing from the medium.
For studies on pyridoxal or pyridoxamine the organisms used for the inoculum were depleted by allowing them to grow in the defined medium without added vitamin B, components. When organisms were transplanted from stock medium (even after thorough washing) into such a deficient medium there was appreciable growth due to carry-over, but this growth failed in the second transfer. By using these vitamin B,-depleted organisms essentially zero blanks were obtained in dose-response experiments, and the organisms responded to added pyridoxal and pyridoxamine in a regular and reproducible manner.
In studies on folic acid and biopterin the preparation of the inoculum was very critical for reproducible results. Storage of these pteridines within the organisms made washing of the inoculum of little use, as fairly good growth resulted in the first transplant to a medium devoid of added pteridines; this situation parallels that with Tetrahymena and folk acid (Kidder & Fuller, 1946) . After testing many depletion conditions it was found that the best results were obtained by growing inoculum organisms for 10-11 days in Medium I (Table 1) in which the folic acid concentration had been decreased to 0.001 pg./ml. While the number of organisms produced (first transfer) was not very different from Medium I minus folic acid, they appeared to be in better physiological condition and responded in a more dependable manner, Table 1 . Composition of media Medium I is the complete medium used in most of the experiments. Medium I1 is the final medium recommended for Crithidiu fusciculuta. All figures represent pg. /ml. final concentration. . The final concentrations found to be satisfactory are given in Table 1 , Medium I. With this basal medium, and with appropriate omissions, other components were studied. It was found that an exogenous source of carbohydrate was necessary for growth, and glucose satisfied this requirement. From dose-response studies it was found advantageous to add 10 mg. glucose/ml. and additional quantities (up to 20 mg./ml.) had no further stimulating effect.
As reported by Marguerite Lwoff (1933), haemin was found to be an absolute requirement for Crithidia fasciculata. Growth was in proportion to graded amounts of haemin up to a concentration of 25 ,ug./ml.; further increases were without effect. Ferrichrome, an iron-chelate compound isolated from Ustilago sphaerogena, was reported to replace haemin for the growth of a fungus, P i l o b o h sp., and was about 500 times more active (Nielands, 1952 (Nielands, , 1953 . We obtained some ferrichrome from Dr J. B. Nielands (Department of Biochemistry, University of California, Berkeley), but found that it had no haeminreplacing activity for C . fasciculata.
Experiments with triethanolamine in concentrations from 1 to 10 mg,/ml. showed that it was inert as far as influencing growth was concerned. It is advantageous, however, to include it in the medium as it tends to keep the haemin in solution (Cowperthwaite et al. 1953) .
Tween 80 was found to be stimulatory to growth (Table 2) , the optimum concentration being about 5 mg./ml. ; bovine serum-albumin fraction V had about the same effect as Tween. Unlike the case of Tetrahymecna pyriformis (Kidder, Dewey & Heinrich 1954) , where it was found that the apparent stimulation by Tween was not due to increase in number of organisms, actual increase in number of organisms as well as greater optical density occurred with Crithidia fmciculata (Table 2 ) . Both Tween and albumin appear to function here by virtue of their physical properties. To test the effect of increasing the surface area of the cultures to give better aeration, two sets of tubes containing identical medium and inoculum were incubated together, one set sloped (Kidder & Dewey, 1948) and the other upright. Faster growth and higher yields were obtained in the sloped tubes.
In attempts to simplify the basal medium various changes were made which resulted in Medium I1 ( Table 1) . Tyrosine ethyl ester replaced tyrosine. adenine replaced the nucleic acid derivatives and the non-essential amino acids were omitted. In spite of the sharp decrease in total amino acid concentration no significant decrease in growth rate or total yields resulted. Decrease of the concentration of the essential amino acids, however, decreased growth, so that it would appear questionable whether the non-essential amino acids are indeed utilized. With Medium I1 ( 
Amino acid studies
When satisfactory growth of Crithidia fasciculata was finally obtained attention was turned to specific amino acids. By using Medium I the specific amino acid requirements of the organism were determined by the omission technique. Growth failed when any one of the following amino acids was omitted from the medium : histidine, isoleucine, leucine, lysine, methionine, valine, arginine, phenylalanine, tryosine and tryptophan. This confirms the earlier findings of Cowperthwaite et al. (1953) . These authors listed threonine as an essential amino acid but later (Hutner & Provasoli, 1955) it was stated that threonine was essential only when adenine was the sole source of purine, but was non-essential when adenosine was added. Nathan & Cowperthwaite (1955) omitted threonine from their medium. We were unable to confirm the relationship between adenosine and threonine synthesis in C. fasciculata as we found slow and equal threonine synthesis (as evidenced by growth) in the presence of adenine or adenosine. As can be seen from Table 3 , the organisms Table 3 presumably synthesized threonine slowly and this degree of synthesis was enhanced by the non-essential amino acids. The non-essential amino acid responsible for the stimulation in threonine synthesis is glycine, for essentially the same results were obtained when only glycine was added to the essential amino acid mixture. This may indicate that threonine is synthesized (at least in part) by a reversal of the threonine aldolase reaction (Lin & Greenberg, 1954) and that glycine is one of the limiting factors under these conditions. Under the most favourable conditions for threonine synthesis, however, the organism is very inefficient and the lack of exogenous threonine renders the medium far from optimal. We are unable to account for the growth obtained by (Hutner & Provasoli, 1955) . When this compound was tested over a wide range of concentrations in the present medium it was found to be without activity in this respect. On the other hand, y-hydroxy-a-aminobutyric acid (homoserine) substituted readily for threonine.
Homocysteine can replace methionine in the nutrition of Crithidia fasciculata (Hutner & Provasoli, 1955) . We have found this to be the case in the present medium with or without the addition of a methyl donor (choline, betaine), although added methyl donor improved the transmethylation reaction (Fig. 1) . Cystine or cystathionine can likewise replace methionine, so it would appear that the organism possesses the enzymes of the commonly encountered system methionine + cysteine and possibly indicates that the reactions are reversible. While these responses are readily demonstrated in Media I and 11, where the folic acid concentration is high, they do not occur when the organisms are growing on a low folic acid and biopterin medium, where methionine becomes an absolute requirement. This probably indicates that the transmethylation is mediated by a folic acid coenzyme, which is to be expected, and that large amounts of the vitamin are required for its formation. High concentrations of biopterin cannot replace the high folic acid requirement for this transmethylation.
Unlike most animal species so far reported, Crithidia fasciculata has a requirement for tyrosine as well as phenylalanine (Cowperthwaite et al. 1953) , although similar requirements have been reported for Leishmania tarentolae (Trager, 1956) , Paramecium aurelia (Miller & van Wagtendonk, 1956) and P. multimicronucleatum (Johnson & Miller, 1956) . Phenylpyruvic acid can replace phenylalanine for the growth of C. fasciculata (Fig. 2) , although the keto compound is less active than the amino acid.
When arginine was omitted from Medium I no growth of Crithidia fasciculata took place; citrulline replaced arginine for growth and appeared to be more active (Fig. 3) . This is completely different from the case of Tetrahymena pyriformis (Kidder & Dewey, 1951 ; Dewey, Heinrich & Kidder, 1957) , where it was found that citrulline spared, but never replaced, arginine. Ornithine was not active in C. fasciculata in replacing arginine. The fact that citrulline was more active than arginine for growth may suggest a separate function for citrulline, other than as a precursor of arginine.
Many dose-response tests on the ten amino acids required by Crithidia fascimluta were carried out. Table 4 gives the amounts of each of these amino acids which had to be added to Medium I (minus the compound being tested) 
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to bring about half maximal and maximal growth. Also included in Table 4 is the amount of, threonine (' semi-essential') which must be added to produce maximal growth within a &day incubation period.
Purines
Crithidia fasciculata has been shown to have a purine requirement (Cowperthwaite et al. 1958; Aaronson & Nathan, 1954) . This requirement can be fully satisfied by any one of the natural purines (uric acid was not tested), their 
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nucleosides or nucleotides (Aaronson & Nathan, 1954) ; in the present study uric acid was found to be inert. When the natural purines and their nucleosides and nucleotides were compared quantitatively, it was found that only small differences in activities (on a molar basis) existed between them ( Table 5 ) . The organism appears to have efficient mechanisms for shifting substituent groupings, both oxidatively and reductively. In order further to investigate these abilities a number of unnatural purines were tested. Those unnatural purines which were not inert expressed themselves by complete replacement of a natural purine or by mild inhibition (Table 6 ). None showed a sparing action instead of replacement, as is so characteristic of certain purines with Tetrahymena pyriformis  Kidder, Dewey, Parks & Heinrich, 1950) . The purine requirement of C. fmciculata was completely satisfied by 6-chloropurine, 2:6-diaminopurine, 6-( 2-furfuryl amino)purine (kinetin) and 6-phenylaminopurine, although a time-lag period of greater or lesser extent always manifested itself ( Table 7) . Certain structural prerequisites appear to exist before this organism can shift substituent groups to form metabolically active purines. No substituted xanthine tested was utilized (uric acid, caffeine, theophylline, theobromine) and no purine substituted in the 8-position (uric acid, 8-methyladenine) . No purine unsubstituted at the 6-position could satisfy the purine requirement (purine, 8-aminopurine, 8-hydroxypurine) and the order of substitution in the di-substituted purines was Table 6 . Activities of purine and substituted purines for Crithidia fasciculata important (i.e. guanine, xanthine and 2:6-diaminopurine were all utilized but isoguanine and 2-methylthio-6-aminopurine were not). One substitution on the amino group of adenine appeared to be successfully removed (kinetin and 6-phenylaminopurine) but not two (puromycin and puromycin nucleoside). Hydrolysis of the chlorine substituent in position 6 (6-chloropurine) appeared to be accomplished with ease but hydrolysis appeared to be impossible when either -SH or -CH, was in that position. It is interesting to note that none of the structural analogues of natural purines tested showed marked inhibition in the growth of Crithidia fasciculata. Only 8-azaguanine produced as much as half maximal inhibition and all were tested in concentrations up to 200 pg./ml. The inhibition index (half maximal calculated with guanine) of 8-azaguanine was over 50, which makes it about 1000 times less efficient as an inhibitor for C. fasciculata than it is for Tetrahymena pyrijbmis (Kidder, Dewey, Parks & Woodside, 1949) . Perhaps it is its particular type of purine metabolism which makes C. fasciczllata almost immune to such generally inhibitory compounds as 6-methylpurine and 6-mercaptopurine.
Aaronson reported that Crithidia fasciculata can satisfy its purine requirement with 4-amino-5-imidazolecarboxamidine (the imidazole counterpart of adenine) but not with 4-amino-5-imidazolecarboxamide (the counterpart of hypoxanthine). We have confirmed the inactivity of the carboxamide (the carboxamidine was not re-tested) but we found that the block appears to be in the inability of the organism to add what will become the 2-carbon of hypoxanthine, for 4-formylamino-5-imidazolecarboxamide will satisfy the purine requirement. This compound is not utilized very efficiently as rather high concentrations are needed for maximal growth in the absence of other purines. Filter sterilization was used for this compound as it is known that spontaneous ring closure can take place at high temperatures. Lack of ability of C. fasciculuta to close the imidazole ring to form a purine is shown by the fact that both 2:5:6-triamino-4-hydroxypyrimidhe and 2:6-diamino-4-hydroxy-5-formylaminopyrimidine are inert for this organism. Cowperthwaite et al. (1953) listed seven vitamins as being required for the growth of Crithidia fasciculata but they gave no experimental details. We have confirmed their qualitative findings and have studied the quantitative aspects of the problem. In the present medium, and with care regarding depletion of the organisms for inoculation (see Methods), growth failed when thiamine, riboflavin, nicotinamide, pyridoxal and pyridoxamine, pantothenic acid or folic acid was omitted from the medium. When catalytic amounts of folic acid were present then biopterin had to be added.
Vitamins
Indefinitely transplantable, though suboptimal, growth occurred in media to which no biotin was added. This would indicate that some component of the medium contained biotin as a contaminant, or that the organism was synthesizing suboptimal amounts of the vitamin, or that end-products of biotincontrolled reactions were present in the medium. The last possibility was tested by the omission of aspartic acid, Tween 80 (which contains oleate) and acetate. Their omission did not influence the serial transplantability of Crithidia fasciculata in medium with no added biotin. It seems probable that there was some biotin contamination of the haemin used, since decreasing the haemin content of the medium decreased the amount of growth, and this growth was restored, within limits, by adding biotin (drastic decrease of the amount of haemin brought about a haemin deficiency which was not annulled by adding biotin). The inclusion of crystalline avidin, however, made growth impossible and this inhibition was entirely annulled by adding biotin. It seems safe to conclude that C. fasciculata is dependent upon an exogenous source of biotin, for the binding power of avidin is not exerted on endogenous biotin.
In Table 8 the quantities of the various vitamins required for half maximal growth are given. It will be seen that nicotinamide was about five times more active than the acid, and that pyridoxamine was about twenty times more active than pyridoxal. Pyridoxine was without activity. While folic acid alone will support the growth of Crithidia fasciculata (Cowperthwaite et al. 1958) relatively extremely high concentrations are required. On the other hand, high concentrations of biopterin (with no folic acid present) did not support growth. When the two were present together then low concentrations of each produced maximal growth (Table 8 ; Fig. 4) . A comparison of the activities of various 2-amino-4-hydroxy-6-alkylpteridines (these compounds were kindly supplied by Drs H. P. Broquist and E. L. R. Stokstad, Lederle Division, American Cyanamid Co., Pearl River, N.Y.) for biopterin activity disclosed that the one isolated from urine (Patterson et al. 1955) and the synthetic biopterin (2-amino-4-hydroxy-6-erythrotrihydroxypropyl pteridine) were equal, but that 2-amino-4-hydroxy-6-( ~-threo-l':Z'-dihydroxypropy1)pteridine (sent by Professor M. Viscontini for activity assay) had only slight biopterin activity. The HB, Drosophila pteridine of Viscontini, Loeser, Karrer & Hadorn (1955;  sent by Professor M. Viscontini) proved to be four times more active than the biopterin from urine. When the trihydroxypropyl biopterin is oxidized in position 7 (7-oxybiopterin, supplied by Professor R. Tschedsche) then all activity was lost. These observations add to our knowledge of the specificity of the molecule for biopterin activity beyond that which was previously published by Patterson et al. (1955) .
It appears that Crithidia fasciculata is very inefficient, but not entirely deficient in mechanisms for cleaving a conjugated pteridine to an unconjugated pteridine but has no ability to construct folic acid. This is borne out by the observation that pteroic acid can supply the biopterin requirement if present in high concentrations ( Table 9) , but cannot act catalytically with added biopterin, as folic acid does. Growth with pteroic acid and biopterin is limited to the contamination of the pteroic acid with small quantities of folic acid (traces of folic acid were found by the use of paper chromatography in all of our samples of pteroic acid) when low levels are used ( Table 10) . As reported by Nathan et al. (1956) , the folic acid requirement can be by-passed by the addition of thymine or thymidine, provided methionine (not homocysteine, etc.) is present in the medium. The optimum amount of thymine or thymidine which had to be added to a biopterin-containing medium was about 25 ,ug./ml., as the nucleoside was about twice as active as the free base on a molar basis. With either thymine or thymidine growth never reached maximal values (Table l l ) , and the degree of growth did not change with longer incubation periods. Following the suggestion of Nathan et al.
(1956), we tested the effect of high concentrations of riboflavin on the biopterin requirement of Crithidia fasciculata. In the present medium riboflavin at as high as 5-10pg.lml. had a slight sparing effect on biopterin, but as both compounds were absolute requirements and the sparing effect was low, it seems improbable that the scheme presented by Nathan et aE. (1956) for the interrelationships of the two can be fully accepted.
DISCUSSION
As previously stated, we were unable to obtain satisfactory growth of Crithidia fasciculata in the medium proposed by Nathan & Cowperthwaite (1954) . It now is apparent that the deficiencies of this medium are multiple. The total amino acid concentrations are too low for this organism, and we have had to add over five times the concentration of the essential amino acids that was suggested (Table 12 ). The omission of threonine from their medium brings about a very serious deficiency. Less important differences between their medium and ours (Medium 11) include suboptimal purine, folk acid and isoleucine and the absence of Tween, After the above experimental work was completed we have used the inorganic salt concentrations suggested by Newton (1956) and have thereby been able to simplify that portion of the present medium. While there is slight precipitation of the salts, as this mixture contains no ethylenediaminetetraacetic acid, growth of Crithidia fasciculata was excellent. The nutritional pattern of Crithidia fascicuzata regarding amino acids differs only in minor details from that of other animals. The ability to replace methionine with cysteine and cystathionine is unusual, although the ability to transmethylate homocysteine is widespread. This transmethylation is not possible in Tetrahymena p y $ m i s (geleii) (Genghof, 1949) . The fact that citrulline, but not ornithine, can replace arginine for this organism makes it similar to certain stocks of Drosophila (Hinton, Noyes & Ellis, 1951; Hinton, 1956) and quite different for Tetrahymena pyriformis (Dewey et al. 1957) .
The requirement for a pre-formed purine has been found to be rather widespread among bacteria, moulds and protozoa. In the latter group a particular purine is often needed Kidder et aZ. 1950; Kidder & Dewey, 1955 ; Miller & Johnson, 1957) while purine-requiring bacteria most frequently will utilize any one of a number of purines (Pearson, 1949; Guthrie, 1949 ; Gots, 1957) . In this respect, therefore, Crithidia fascicuZata resembles the bacterial types rather than the ciliates. We do not know a t present the specific pathways used by C. fmcicdata for the interconversions of purines, but it is obvious that they can both reduce and oxidize a t position 2 on the ring, provided position 6 is correctly substituted. A curious situation exists regarding isoguanine (2-hydroxy-6-aminopurine). Mechanisms appear to be absent for handling this compound, although 2:6-diaminopurine and xanthine are readily used. Gots (1957) reported the exact reverse situation in a purineless mutant of Escherichia coli where isoguanine, but not 2:6-diaminopurine was utilized.
There appears to be no lack of functional enzymes in Crithidia fasciculata for attaching and removing sugar and sugar phosphates, as bases, nucleosides and nucleotides are all about equally active. At the present time there is no indication as to the stage (base, nucleoside, nucleotide) a t which the shifting of substituent groups on the purine ring occurs.
The qualitative requirements for the water-soluble vitamins are not unusual except for the pteridines. It should be pointed out that Crithidia fasciculata resembles the ciliates (Kidder, Dewey, Andrews & Kidder, 1949) in its failure to synthesize nicotinic acid from tryptophan, for both the amino acid and the vitamin are absolute requirements.
It would appear that the enzymes necessary for the cleavage of folic acid to the unconjugated pteridine are very inefficient, so that extremely high concentrations of the conjugated forms (folic acid and pteroic acid) must be present before active levels of biopterin can be produced. There can be no question of the importance of a folic acid coenzyme function, however, as distinct from a biopterin coenzyme function, for no amount of biopterin will permit growth in the absence of thymine or methionine. Even when both of these common products of one carbon transfer reactions are provided, growth is suboptimal. It seems probable, as suggested by van Baalen, Forrest & Myers (1957) , that neither the dihydroxypropyl nor the trihydroxypropyl biopterins are the naturally active forms of the unconjugated pteridines, but more active forms can be synthesized from them by this organism. The HB, Drosophila factor, for instance, is four times as active as the biopterins on a weight basis and its molecular weight must be larger, not smaller.
At present there is no evidence as to the metabolic function of the unconjugated pteridines, but their widespread occurrence in nature would suggest that they will ultimately be found to have great metabolic significance. Inasmuch as Crithidia fasciculata has a requirement for unconjugated pteridines, and is the only organism so far known with such a requirement, it may now be employed for a study along these lines,
